We develop a simple framework for analyzing corporate risk management decisions when managers have a directional prediction on future price levels. The optimal hedging strategy with "a view" retains a partial exposure and requires rebalancing. This can help explain the active trading behaviour of some managers, the large cross sectional and time series variation in hedge ratios and the prevalence of partial hedging. In addition to providing a simple account of the stylized facts, the model generates new testable implications for corporate hedging policy. We parameterize and estimate the model using foreign exchange hedging data from a large multinational corporation and find support for the model's predictions.
Introduction
Financial theory has identified numerous explanations for financial risk management by nonfinancial corporations. These include avoiding financial distress, minimizing expected tax liabilities, agency conflicts, and reducing the costs associated with accessing external capital markets. In general, these explanations imply that, since firm value or managerial utility is a concave function of cashflow, using financial derivatives to reduce cash flow variability can be desirable. The extant empirical research has primarily focussed on exploring which theories best explain the use of derivatives by non-financial corporations. While there is some evidence in support of each of these explanations, the empirical literature does not conclusively resolve the issue in favor of a particular theory.
The empirical literature also documents a growing set of stylized facts concerning the use of derivatives by non-financial firms. In particular:
• Most companies do not completely hedge financial exposures with derivatives. For example, Tufano [35] documents that in the gold mining industry only about 17% of firms shed 40% or more of their near-term price risk.
• There exists considerable cross-sectional variation in the degree of derivative use inside of specific industries and even inside of particular companies. For example, Haushalter [16] documents the risk management practices of oil and gas producers and finds significant differences across firms in the percent of exposure hedged.
• Companies vary their degree of derivative use significantly through time. Brown et al. [6] document time-series variation in hedge ratios for a variety of companies and find that changes in firm-specific variables predicted by financial theory explain little of the variation.
• Many surveys suggest that risk managers incorporate their predictions of future price levels (views) when determining risk management policies. Bodnar et al. [4] report that 59% of firms responding to the 1998 Wharton Risk Management Survey indicate market views of exchange rates alter the timing of their hedges, 61% state that views alter the size of their hedges, and 32% actively take positions in currency derivatives based on their views. 1 • Firms use both linear and nonlinear derivatives (e.g., forwards and options) in implementing their risk management strategies.
• Firms hedge near-term exposures more. Bodnar et al. [4] report that firms using foreign currency derivatives hedge only a very small part of their exposures beyond a one-year horizon.
While the existing theoretical literature on corporate risk management posits some compelling reasons to motivate why firms manage risk, it is not obvious how all of these stylized facts can be explained within the existing framework(s). In this paper we provide an explanation by applying the principle of Occam's Razor: when faced with competing theories which make exactly the same predictions, the one that is simpler is the better. In particular, we propose that the simple and well-documented phenomena of managers having speculative motives can explain much of the observed hedging behavior Our model examines a firm's endogenously determined risk management decision. Specifically, we consider a firm endowed at some future date with a unit of an asset whose price fluctuates randomly as a geometric Brownian motion. However, the firm faces market imperfections that result in a concave value function. 2 In this setting, hedging behavior is known to be static in the sense that the firm will capitalize (or short) the exposure and invest the proceeds in a riskless bond. We argue that managerial views can cause departures from this complete (static) hedging scenario and that they imply significant cross-sectional variation in hedge ratios around the static "full" hedge. 3 While we explore the impact of speculative motives (or equivalently, managerial views) on corporate behavior, our goal is not to take a stand on the merits of managers' views.
Instead, we conceptually consider cases where risk managers will and will not have superior information about future prices. For example, some empirical research suggests that managers have superior information about the value of their publicly traded shares. 4 Consequently, it seems reasonable that a corporate risk manager would use this information when trading in the company's own stock for reasons related to share repurchases or the employee stock option plan (ESOP). This may explain the increasing tendency for firms to sell put options and buy call options on their own shares. It is also reasonable to assume that commodity producers such as OPEC member countries or agricultural producers have superior information about the future prices of their outputs (see Stulz [34] ). Likewise, it may be that high volume foreign exchange and fixed income trading desks obtain valuable price information by observing order flow. 5 It is less plausible that hedgers whose primary exposures are not related to their core production would be able to predict future prices.
For example, large multinational corporations are often exposed to exchange rate and interest rate risk but it seems unlikely that risk managers in these companies would have valuable private information about these markets. However, even if risk managers do not have superior information, they may still (erroneously) have a view, and this view could impact hedging activity. The growing behavioral literature on overconfidence supports this notion (see Odean [28] for a survey).
Our results make some specific contributions to the field of corporate risk management. 3 We recognize that the speculative motives may arise from a behavioral bias rather than an actual informational advantage. If so, then this bias should be grounded in clearly defined psychological assumptions that are evident in a variety of different contexts. Moreover, to avoid becoming an ad hoc story with no predictive power, the suggested explanation must account for the stylized facts and provide testable outof-sample empirical implications. Finally, we note that if the proposed explanation does affect the firm's hedging demands, then these demands may potentially be related to and consistent with some of the market pricing anomalies documented in Barberis et al. [3] , Daniel et al. [8] and Odean [28] . 4 Seyhun [30] summarizes the extant empirical evidence on the quality of management's private information about its publicly traded shares. 5 However, there is some recent empirical evidence to the contrary (see Naik and Yadav [27] ).
First, the model we develop can be viewed as a practical contribution as our stylized setting can easily be modified to provide a precise method for hedging should a manager actually have superior information. 6 Second, our analysis relates several distinct and testable empirical implications that have not yet been thoroughly examined. Consequently, we also parameterize and estimate our model to see if factors relating to market views and confidence in those views can explain a significant portion of the variation in hedge ratios. Using foreign exchange hedging data from a large multi-national producer of durable goods, we find distinct factors that determine the direction and magnitude of market views as well as the degree of confidence. For example, the difference between spot and forward exchange rates is important for determining the direction and size of views but not the confidence in those views. In contrast, the outcome (profit or loss) of a prior hedges is important in determining the level of confidence in a view (consistent with managerial overconfidence or biased self-attribution) but not the direction or size of views.
The remainder of the paper is organized as follows. In the next section we briefly summarize some related risk management theory. Section 3 specifies the assumptions of the model and defines the economy. The implications of managerial market views are presented in Section 3 along with analytical solutions for the optimal hedging strategy. Section 4 discusses some empirical implications and a test of the model. Section 5 concludes.
Risk Management Theory
A majority of the theoretical and empirical research pertaining to corporate risk management focuses on why firms undertake such activities and the related value implications. In this section we briefly describe this research, explain why it does not appear to provide an adequate explanation for the observed empirical regularities and finally, relate it to our analysis.
Several common explanations for hedging suggest static risk management policies for firms. For example, theory suggests that a convex tax schedule or financial distress costs can motivate a firm to minimize the variation in its (taxable) cashflow (see Smith and
Stulz [32] ). Similarly, a firm with a risk-averse manager may find it less costly to allow the manager to reduce risk at the firm level than to pay an additional risk-premium. If hedging is costless these theories in their simplest form predict that a firm will completely hedge. If hedging is costly (e.g., there exist market imperfections) but the costs of hedging do not change over time, then these theories predict that firms would hedge a constant proportion of their exposure so that the marginal benefit of hedging equaled the marginal cost of hedging. 7 However, these basic explanations alone are not able to account for the significant time-series variation in hedge ratios without significant time-series variation in the tax code, the costs of bankruptcy, or managerial risk aversion; each of which seems unlikely.
Theory also suggests that informational asymmetries between managers and shareholders can lead to risk management with derivatives. DeMarzo and Duffie [10] , [11] explore the role of proprietary information and hedge accounting, respectively, in the decision to use derivatives. These two-period models concentrate on the decision by firms to use derivatives and less on the extent of derivative use. However, DeMarzo and Duffie [11] note that hedge accounting may be an important determinant of the types of derivatives preferred by firms. Both papers also note the potential impact of market risk premiums, a factor potentially related to market views, on optimal hedging behavior. DeMarzo and Duffie [10] show that even if futures contracts trade at a non-zero risk premium, the optimal hedging policies described still suggest complete hedging. DeMarzo and Duffie [11] also examine an interesting case where the firm's investment opportunity set is uncertain, in this case the firm's optimal hedging strategy will, in general, be nonlinear and depend on the demand for financing in each future state. 8 Mello et al. [24] derive a model of a multinational firm with flexibility in its location of production and the ability to contract in financial derivatives. The model suggests that a financial hedging strategy can be used to minimize the expected costs associated with switching production location and financial distress. While, the model is set in continuous time the optimal hedge is typically static and therefore also suggests that significant changes in optimal hedge ratios must be due to changes in firm-specific parameters (e.g., switching or bankruptcy costs).
Several studies have examined models with certain features more closely related to those we examine subsequently. Mello and Parsons [23] examine the role of liquidity in determining an optimal hedging strategy. The results indicate that a full hedge will typically "over-hedge" the firm due to intertemporal liquidity concerns. In general, optimal hedges will be time varying and depend on the value of the firm. Differences in types of derivative contracts are also noted though primarily in the context of the differing cashflow properties of linear contracts (i.e., forwards, futures, and swaps). Mozumdar [26] examines the relation between speculative incentives of corporations and the swap market. It is shown that for less profitable, poorly capitalized firms the risk-shifting incentives of debt can lead to a desire for unbounded speculation by corporations in the swap market. However, speculative motives in this model derive from the ability to expropriate bondholder wealth instead of from market views.
Stulz [33] presents a model of a risk-averse manager that is allowed to hedge with derivatives in continuous time. Stulz concentrates on the risk preferences of the manager and the manager's compensation contract but also considers the case when there is the potential to earn excess returns from investing in the risky asset. The results suggest that managers will generally choose not to hedge exactly 100% of an exposure and that the hedge ratio will change through time and depend on market risk premia. However, Stulz's consideration of market risk premia are not the same as managerial market views but instead are akin to an investor choosing exposure to a risky asset in the traditional portfolio management problem.
Conceptually closest to our analysis is Stulz [34] which discusses the role of managerial views in setting hedge ratios. Stulz suggests that firms with a comparative advantage in the financial market (such as a large producer or dealer) may find it optimal to incorporate their views into a "selective" hedging policy. In one sense, a goal of this analysis is to formalize this behavior, quantify its impact, and provide new testable implications.
Our model also relates to models in the asset pricing literature. For example, Zhou's
[36] equilibrium analysis shows that a risk-averse agricultural producer faced with uncertain production and a liquidity constraint will seek to replicate the payoff of a put option. In contrast, we consider the case of a value-maximizing corporation, with some deadweight costs, facing price uncertainty and show that a liquidity constraint will induce an analogous result.
Finally, recent works by Barberis et al. [3] , Daniel et al. [8] , and Hong and Stein [17] suggest it may be important to consider behavioral biases or imperfections when analyzing we differ in that our focus is to explain corporate hedging behavior. Moreover, our analysis argues that a way to understand corporate hedging behavior is in the context of speculative motives that could arise from either overconfidence or informational asymmetries.
In summary, while many of these models are able to explain certain empirical features of hedging practices (such as partial hedging, nonlinear or dynamic strategies, etc.), none appear to explicitly account for all observed features. In particular, most models appear to come up short in two areas. First, most models do not predict substantial time-series variation in hedge ratios. Second, the models do not explicitly model the impact of managers' market views. In our opinion these two phenomena are likely closely related and it is for this reason that we subsequently explore the potential impact of managerial views on hedging behavior. This allows us to isolate in a simplified setting the impact of reasonably sized views on the magnitude of hedge ratios to determine if it is consistent with variation observed in practice.
Risk Management at a Value-Maximizing Firm
We begin by presenting the assumptions underlying the economy and defining the firm's problem. We consider a finite horizon economy over the period, [0, T ], with a traded risk and a riskless asset. The firm is endowed with no initial wealth but receives an uncertain payoff from a single unit of the risky commodity at a terminal date T . The firm's manager, who acts in the best interest of shareholders to implement a risk management strategy, can hedge uncertainty by taking long or short positions in the two available assets. In addition,
we assume complete markets with no short-sale constraints and the existence of insurance markets such that future claims can be sold on fair terms.
The Economy
We assume trading takes place in continuous time over a finite horizon. 9 Uncertainty is represented by a complete probability space (Ω, z, {z t }, P ), on which a one-dimensional Brownian motion, B t , is defined. The traded securities are the risk-free numeraire and a risky asset that are assumed by the market to follow respectively, 10
where the interest rate r, the drift µ, and the volatility σ are all assumed constant. 11
Dynamic market completeness (under no arbitrage) implies the existence of a unique state price density process H t , where
Here, θ = (µ−r) σ is the market price of risk or the Sharpe-ratio process and Z t ≡ (dQ/dP ) t is the Radon-Nikodym derivative of the risk neutral probability measure Q with respect to the historical measure P . 12 
The Firm and its Beliefs
The firm is owned by risk-averse shareholders and is endowed only with income from a unit exposure to the risky asset at time T . In the Modigliani-Miller paradigm, the firm's objective is to maximize the value of terminal wealth,
. 13 In this setting, the risk management decision is "irrelevant" as the firm is indifferent between the various budgetfeasible distributions of wealth. The risk management literature, going back to Stulz, makes the risk management decision relevant by arguing that the firm should maximize a concave function, f , of terminal wealth. 14 Thus, the firm that believes P to be the true probability measure maximizes a concave function of wealth,
The firm's objective, defined above, can be interpreted as maximizing the expected value of a state dependent function of terminal wealth, under the market's probability measure P . 16 Whether it is appropriate to motivate risk management by using a concave function in this manner, is an interesting conceptual question that is beyond the scope of this paper.
Our analysis of this functional form is motivated by its widespread use and for ease of comparison, but our main empirical implications are not sensitive to this specification.
In practice managers' concede that their views concerning future prices affect their hedging strategies. Such a manager believes the true probability measure to be V , in which
discussion. This definition of the firm's objective can be re-stated as maximizing
. 14 This concave function is often motivated by various market imperfections. For example, Froot, Scharfstein and Stein, show how a cost of external finance that is increasing and convex will induce the firm to maximize a concave function of terminal wealth. 15 Note that this does not imply that the firm is risk averse, but merely that the value maximizing firm faces market imperfections. 16 It is a straight forward implication of Jensen inequality that in this case a manager will completely hedge the exposure. This is consistent with the results in the extant risk management literature, see for example Froot, Scharfstein and Stein [13] .
As a result of the difference of opinion, this manager has a private estimate of the drift of the risky price process and the objective is to maximize value by taking expectations under
This specification the manager's objective function raises a question about the nature of differences of opinion, that is interesting but beyond the scope of this paper. Using the Radon-Nikodym derivative of the probability measure V with respect to P, Z v t ≡ (dV /dP ) t , the manager's objective with a view can be transformed to an equivalent problem under the market measure. Note that while the manager maximizes firm value under her beliefs, which modifies her objective function, she is still subject to budget constraints under the market measure, P .
Taking a step back, one can relate the difference of opinion to the fundamental factors that characterize the "private estimate" of the drift parameter of the risky asset. For instance, one can imagine a risk manager having a "price target" for the risky asset and a level of confidence in this view. More specifically, suppose that at time 0 the manager receives a noisy information signal, V P , where
and the error variance ε is N (0, σ 2 ε ) (so the signal precision is
. 17 If the information has already been impounded into the market price then σ 2 ε = ∞,but a boundedly rational manager will erroneously assign this noisy signal a finite variance σ 2 c < σ 2 ε . On the other hand, if the manager is truly informed then σ 2 ε < ∞, and the manager confidence's in the signal will be correctly assigned as σ 2 c = σ 2 ε . If this information is precise in the sense that 17 S * 1 (.) is a monotonic function of S1(.) and equal to the value of the brownian motion, B(.). When the volatility of the price process is constant, knowing the terminal value of the Brownian motion is equivalent to knowing the terminal price of the risky security, since S1 (t) = S1 (0)
she knows with certainty the terminal price, then the firm can make arbitrarily large profits.
However, perfect knowledge of the future is not realistic, even for well-informed managers.
Our model can accommodate this imprecision, as even the informed manager realizes that her view of S 1 (T ) is distorted by noise. Thus, both the informed and the boundedly rational manager estimate the error variance to be σ 2 c ≤ σ 2 ε . Note also that this differing belief is common knowledge to all, but other market participants do not believe that the manager is better informed. Otherwise, in the absence of noise traders, managerial actions would be fully revealing and it would not be possible for managers to implement their views. σα,where α =
. 18 We are aware of two main approaches to the representation of private information. The first, pioneered in Kyle [22] and Back [2] , considers an auction market with a market maker, a noise trader and an insider. The other, initiated by Duffie and Huang [12] , is set in a standard multi-period security markets with heterogeneously informed agents. In this tradition, Karatzas and Pikovsky [21] studied this problem in a continuous time diffusion model.
Results
The manager bases her view on what she considers proprietary information and therefore "expects" to do better than other market participants. If the manager's view is in fact realized, then a higher terminal value results from following the modified strategy. The optimal strategy is recorded in the following proposition.
Observation 1
(Proof is provided in the Appendix.)
Without a view the value maximizing manager's optimal policy is to short the risky asset and optimally invest the proceeds in the riskless asset. In that case, the proportion of wealth invested in the risky asset is zero. Equation 8 notes that when the manager has a view, the optimal hedging strategy will retain some exposure to the risky asset. The difference between the two hedging strategies can be traced to the additional information that is (perceived) to be available in the latter case. Likewise, due to her belief the manager with a view has a higher ex ante (perceived) expected value than the ordinary manager.
To gain intuition regarding the result in Proposition 2 we examine some special cases and comparative statics. To begin with we examine the optimal hedge with a view under an extreme assumption. Consider the case when the manager has no confidence at all in her view, in other words σ 2 c = ∞. Relevant characteristics are apparent by taking the limit of the optimal hedge ratio as σ 2 c → ∞. Note, that in this case the manager will not retain any exposure to the risky asset, thus reverting to the case of no view. This result is intuitive:
if the manager has a view, and yet has no confidence in it, this is equivalent to having no view at all.
An obvious but important observation is that when the manager has a view on the terminal price of the risky asset, the firm will retain some exposure to the risky asset. The direction and magnitude of the optimal hedge should depend upon the degree of (perceived) mispricing. As intuition suggests, a manager that has a bullish view (i.e., believes V p −S * 1 (t) to be positive) will take on a long exposure to the risky asset and vice versa. Likewise, the size (in absolute value) of the optimal hedge depends on the magnitude of V p − S * 1 (t).
Greater confidence in a view should result in a larger (in absolute value) exposure to the risky asset. A high degree of confidence means σ 2 c is small. Thus, given a bullish view a very confident manager will take larger positions in the risky asset and vice versa. Equation 8 also shows that a manager will be less likely to remain exposed to a riskier asset. This is because the manager trades off the increase in expected return from incorporating the market view with the possibility of financial distress (or other deadweight costs).
Equation 8 provides an exact formula for the optimal hedging strategy at time t. We can think of a producer with an effective long position in the underlying asset as choosing an initial optimal hedge ratio h = S 1 (0) − π 1 (0). For example, if S 1 (0) = 1 and µ = r = 0 then h is equivalent to the optimal hedge ratio in percentage terms (e.g., h = 0.5 implies the optimal hedge is half of the exposure). In practice, a company would choose to enter into a short position in forward contracts with this notional value (as a percent of exposure).
This interpretation of the optimal trading strategy allows for an intuitive analysis of how the model's parameters impact the optimal hedge ratio. Consider a base case where views are expressed as a percent of the initial price S(0) (also the forward price since r = 0). Figure 1 shows the optimal initial (t = 0) hedge ratios for various price forecasts when, T = 1, σ c = 0.2 and σ = {0.1, 0.2, 0.3}. As noted above, when a risk manager expects the forecasted price of the good to be higher than the current spot price, the optimal hedge ratio is less than 1.0. Intuitively, the manager remains partially unhedged to capture expected gains from being long the risky asset. If the manager is bearish (i.e., the expected price is below the spot price), the manager hedges more than 100% (i.e., h > 1). 19 For a given level of view, the optimal hedge ratio moves closer to 1.0 as the price volatility increases. This derives from the relative value of the risk manager's information. As the underlying price volatility increases, it is less likely that the manager will be able to profit from her view and the optimal strategy is to deviate less from the riskless hedge. Figure 1 also provides an indication of the wide range of hedge ratios that can be obtained from fairly mild views on future prices. For example, a risk manager who believes prices will be 6% above the spot price will choose to be only about halfway hedged when price volatility is 0.1. Small variations in the manager's view can also have a large effect on the optimal hedge ratio. In this case, a 1% change in view changes the optimal hedge ratio by approximately 8%. Likewise, a change in the underlying asset price holding the manager's view constant will result in the same change.
In practice, some corporations adjust their hedge positions infrequently. Instead risk managers open a derivative position as a hedge and adjust it when exposure forecasts (e.g., sales estimates) are revised. In this case a risk manager could choose to approximate as closely as possible the optimal hedging strategy with a static derivative position. One simple mechanism for accomplishing this is to match the "delta" and "gamma" of the optimal initial hedging strategy with that of a static derivative portfolio (with an expiration date equal to T ). The "delta" of the optimal hedging strategy is given by −h and the "gamma" is given by −dh/dP . In most cases, this suggests that a risk manager will hold a portfolio that is both short forwards and either long or short options. Referring back to equation 8, it can be shown that the optimal gamma will depend only on the direction of the view. When a risk manager is bullish (bearish) the gamma will be positive (negative) and the optimal static portfolio will be long (short) options. Thus, we have provided another potential explanation for managers holding portfolios of linear and nonlinear derivatives.
Extensions
The model above studies the effect of managerial views on a firm's hedging decision in a stylized setting when the manager's confidence level remains constant. This assumption has the counterintuitive implication that managers do not update their confidence in light of subsequent outcomes. While this simplification is useful it has the extreme effect that an instant before maturity the manager may stubbornly stick to an erroneous view. Figure 2 shows the optimal hedge ratio for a manager that forecasts a terminal price level of 0.95. Since the initial price of 1.0 is greater than the manager's forecasted price, the optimal hedge ratio is greater than one. However, as the price declines below 0.95, the managers view changes from bullish to bearish, and the optimal hedge ratio falls to about 0.6. At about t = 0.4 the optimal hedge ratio increases to above 1.0 as the price once again climbs above 0.95. For the remaining time the asset price increases on average, yet at about t = 0.65 the optimal hedge ratio starts reverting toward 1.0 (i.e., the exposure to the risky asset decreases to zero). This is the intuitive result we expect when the manager's confidence in her market view declines as the time to the exposure realization is approached. Moreover, this highlights a difference between the case of changing and constant confidence, as with the latter the manager would stubbornly stick to her view and may take very large exposures as t approached 1.0. (This difference points out a testable implication of our model that we elaborate upon below.)
Empirical Implications and Estimation
In this section we describe some additional empirical implications of our model and estimate a parametrization of the model using a proprietary dataset of foreign exchange hedging transactions from a Fortune 100 multinational corporation
Additional Empirical Implications
Prior research suggests that price declines should lead to increased hedging since when prices (of outputs) decline the probability of financial distress increases. Perhaps the most surprising implication of our analysis is that when prices decline, firms can prefer to hedge less. As illustrated in Figure 2 , a decline in the price level (during t = 0 to t = 0.3) results in the hedge ratio declining. Inspection of Equation 8 reveals this to be the case whenever the manager has a bullish view. The time-series in Figure 2 also indicates that hedge ratios can be substantially more volatile than the underlying asset's price process. For example, during t = 0 to t = 0.3 the asset price declines about 25% whereas the hedge ratio declines about 50%. Likewise, over the next few months, a 50% increase in price results in approximately a doubling of the hedge ratio. 21 Additional implications derive from the (usually) unobserved variables describing the size and confidence of the risk manager's views (i.e., V P and σ 2 c ). However, it is still possible to indirectly test the model's predictions. Whether views are based on comparative advantages or overconfidence, managers are more likely to incorporate views when they believe they have superior information. Thus, firms may be more likely to retain exposures close to their core competencies. For example, our analysis implies that IBM is less likely to 21 The effect of the view is diminished as the asset volatility increases and as the manager's confidence in her view declines. However, as one departs from the logarithmic form of the value function towards a more linear form (i.e the firm is less constrained and faces lower financing constraints, taxes, etc.), the effect of the views is magnified. Thus, considering a logarithmic form is conservative, in the sense that the effect of views is least prominent.
retain its exposures to exchange rates but may keep its exposure to DRAM prices. Likewise, an energy concern might retain exposure to oil prices but hedge interest rate risk. In short, firms with several lines of business are more likely to retain exposures related to their core competencies.
The psychological literature documents the phenomenon of biased self-attribution. In the language of Daniel et al. [8] this can cause "asymmetric shifts in investor's confidence as a function of investment outcomes," thus it would be informative to study how hedge ratios react to changes in price. However, if risk manager's incorporate views into their hedging decisions, then after controlling for price effects, managers may over-react to favorable outcomes and under-react to disconfirming outcomes. Since, these results are directly attributable to asymmetric shifts in confidence, such a test would be a test of our theory (assuming it is unlikely that manager's hedge with a view and yet violate biased self attribution). In addition, there may exist a relation between prior hedging outcomes and the confidence of managers' views. Specifically, if managers become less confident of their views when their hedges lose money then we should observe a negative relation between prior hedging profits and the (estimated) measure of uncertainty in the manager's views (i.e., σ c ).
Estimating the Model
In practice, testing the model's predictions is a challenge because a manager's views and confidence levels are usually not directly observable and detailed data on hedging transactions are hard to obtain. In addition, firm-specific effects complicate empirical tests because different factors may be important in forming views and confidence levels for managers of different firms. However, there exist a few detailed datasets on derivative transactions and managers views may be well approximated by a few observable variables (as noted above).
In this section we utilize a proprietary dataset described in Brown [5] which contains hedge ratios for foreign currency exposures from a large U.S.-based durable goods producer (denoted HDG. for confidentiality reasons). HDG uses currency derivatives to hedge net sales revenue denominated in foreign currency. The firm's hedging horizon is roughly one year and for accounting purposes, it tracks hedge positions for each future quarter separately.
We utilize quarterly hedge ratios for15 currencies from 1995-1998 for three different hedging horizons (1, 2, and 3 subsequent quarters).
Brown [5] describes how risk managers at HDG incorporate market views into their hedging decisions noting that "...to varying degrees, most [risk managers at HDG] believe they have the ability to adjust hedge parameters so as to increase the expected net cashflow from derivative transactions." (page 413). Brown also estimates the effects of proxies for "market views" on HDG's observed hedge ratios in a linear fixed-effects regression model and finds that historical price trends and prior hedging outcomes are important determinants of hedge ratios. In this section we apply the model derived in the prior section to the same setting described in Brown [5] . Our approach has several advantages. First, our model explicitly distinguished between a market view and a manager's confidence in that view thus allowing the effects to be estimated separately. Second, our model precisely describes the relation between hedge ratios, hedging time horizon and asset price volatility, whereas Brown [5] estimates the models separately for different horizons and includes asset price volatility as another (linear) explanatory factor. Finally, our model makes a precise statement of the functional relation between market views and hedge ratios which, if closer to the true form, could increase the power of statistical tests.
To operationalize our model we parameterize the hedge ratio specification discussed in the prior section. Specifically, we linearly parameterize both the size of the manager's view and the confidence in this view, thus
where −H (i, j, t) is the hedge ratio for currency i in quarter j for hedging horizon t, X 1 is a matrix containing factors which determine the manager's market views for observation (i, j, t), and X 2 is a matrix containing factors which explain the manager's confidence level for observation (i, j, t). In addition, µ i is a normally distributed random effect for each currency, σ ijt is the implied volatility, and ² ijt is a normally distributed (mean zero) error term.
Brown [5] suggests that a variety of factors determine the views of HDG's risk managers.
We follow that analysis to make specific predictions for our empirical model:
• HDG believes that a large difference between forward exchange rates and spot exchange rates (forward points) makes hedging less valuable because a high relative forward rate amounts to locking in a weak exchange rate (i.e., forward rates are biased). We therefore predict forward points will negatively affect the magnitude of the view but should not necessarily affect the confidence level.
• HDG closely follows the profits and losses from derivatives transactions (derivative P&L). Anecdotal evidence from interviews with risk managers suggests that past levels of P&L affect current hedge ratios because of regret about over-hedging or underhedging. Positive P&L is often attributed to skill which is indicative of overconfidence or biased self-attribution. Consequently, we predict that lagged values of derivative P&L would have a positive effect on the confidence in that view (i.e., a negative coefficient on the β 2 confidence parameter).
• HDG uses historical price trends (i.e., technical analysis) in an attempt to predict future exchange rate movements. Specifically, managers track the level of current spot rates relative to the high and low exchange rates over the last 12 months. Managers believe these indicators are a measure of relative value therefore we predict that these variables will primarily effect the magnitude of views. By this logic, managers will perceive (USD/FCU) exchange rates close to recent highs as an unfavorable exchange rate and therefore hedge less. Similarly, managers will perceive (USD/FCU) exchange rates close to recent lows as a favorable exchange rate and therefore hedge more.
• Finally, Brown [5] finds some evidence that HDG hedges less when there is more uncertainty about the exposure size (i.e., exposure volatility is high). This uncertainty may also effect the level of confidence in a market view. If this is the case, we would expect a negative relation between exposure volatility and the level of confidence (i.e., a positive coefficient on the β 2 confidence parameter).
We employ maximum likelihood estimation (using the Gauss-Hermite quadrature method)
to obtain parameter estimates for equation 9. These are reported in Table 1 . The first three columns report coefficient estimates, standard errors, and p-values for β 1 which quantifies effects on managers' views. The next three columns report similar statistics for β 2 which quantifies effects on managers' confidence levels. 22 The results for forward points are consistent with our predictions. When the forward rate is relatively far above the spot rate, HDG hedges less but there is no significant effect on confidence levels. Also as predicted, the lagged values of derivative P&L have a significant effect on the confidence level of (but not the magnitude of) views. In particular, the manager's estimated confidence level increases when the prior quarter's hedges were profitable. The variables measuring the current spot rate relative to historical highs and lows are both significant determinants of market views, though only the coefficient on the spot price relative to the 12-month high has the predicted sign. Both of the measures also explain managers' confidence levels perhaps suggesting that managers perceive exchange rates far from recent market highs and lows as more difficult to predict. The sign of the β 2 coefficient for exposure volatility is the predicted sign but not statistically different from zero indicating that quantity risk is not an important factor in determining confidence levels.
To gauge the economic significance of these factors we calculate marginal effects for each variable by calculating the difference between the predicted hedge ratio at the mean value of each variable and the predicted hedge ratio with each variable perturbed by +1 standard deviation (SD) holding other variables at their means. Values are reported in the 22 The repoprted results are robust to several alternative specifications. For example, interacting forward points with the price trend variables does not appreciably change the reported coefficient values or significance levels. In addition, market share (also examined by Brown [5] ) is not a significant explanatory variable and so we exclude it to retain a parsmoneous equation.
last column of Table 1 and the estimated economic significance of some factors is large. For example, a +1 SD increase in derivative P&L changes the hedge ratio by -0.046 or -14.7% of HDG's mean hedge ratio of 0.312. The spot exchange rate relative to its 12-month high has an even larger effect. We also calculate a measure of goodness of fit. We define the pseudo-R 2 as 1 − Lc L where L c is the estimated log likelihood of the model with only random effects and L is the estimated log likelihood of the full model. While this statistic should be interpreted with caution, the large value of 0.815 suggests that the model explains a large amount of the variation in hedge ratios.
Overall, these results are generally more consistent with the predictions made in Brown [5] than the findings in the original paper. It is also important to note that our results are not simply a restatement of those results but instead we find somewhat different factors to be important and distinguish between effects on the direction of views and the confidence in those views.
Conclusions
In this analysis we examine the optimal trading strategy for a firm that faces market imperfections and a risk manager that has a view on the future price level. Specifically, the optimal hedging strategy · will be risky, in so far as it will not fully hedge the company against price changes, · will involve trading as compared to the optimal static hedge when there is no view or market imperfection, · can result in considerable cross-sectional and time-series variation in hedge ratios, · will depend on the confidence of managers views, · will depend on the volatility of the underlying price process, and · will increase firm value, on average, if managers are in fact better informed than the market.
Whether or not risk managers actually have superior information and can trade prof-itably is an open empirical question (see Brown et al. [6] ). However, most corporate risk managers do incorporate a view into their hedging decisions. Our results indicate that even if managers have relatively mild views on future prices this can have a large impact on hedge ratios. In addition, if managers follow the optimal strategy, they will adjust their exposure through trading. Thus, our simple model sheds light on many empirical regularities documented by prior research. Our empirical tests suggest that factors possibly relating to managers' views may be economically important determinants of hedge ratios in practice.
Finally, if views and market imperfections are, in fact, as important as our findings suggest, future empirical researchers need to control for these factors when examining fundamental determinants for corporate risk management.
A Appendix

Proof of Proposition 1:
As a result of the difference of opinion, the manager with a view will maximize:
where, Z v t ≡ (dV /dP ) t is the Radon-Nikodym derivative of the probability measure V with respect to P . Note that the expectation
S 0 (T )¸. In the last equality, dZ i is equivalent to the standard portfolio optimization problem, but the drift of the risky asset is, (r + σα).
Note that the proportion invested in the risky asset must then equal The dark solid line, labelled H (view = 0.95), depicts the evolution of the optimal hedge ratio for a manager with time-dependent confidence who believes the terminal price will be 0.95. The dark dotted line, labelled H (liquidity constraint), shows the optimal hedge ratio for a firm with a liquidity constraint at 0.40. The light solid line shows the optimal hedge ratio for a firm with both a liquidity constraint and a view. We assume an initial one year hedge horizon, an asset volatility of 0.30, and a confidence level of where L c is the estimated log likelihood of the model with only random effects and L is the estimated log likelihood of the full model.
